Background: The American Thyroid Association published revised guidelines in 2015 on the management of differentiated thyroid cancer in adults. One of the key changes introduced in the revision proposes that diagnostic biopsy be based on ultrasound findings (i.e. size and nodule characteristics). The overall effect of these changes results in fewer nodules requiring biopsy. This study was conducted to determine if the changes to the guidelines will result in overlooked thyroid cancers, specifically malignancies with aggressive characteristics measuring between 1 and 1.49 cm. Methods: Patients (n = 2083) with thyroid nodules who underwent total or subtotal/hemi thyroidectomy with or without neck dissection by a single surgeon between 2006 and 2016 were retrospectively enrolled. Demographic information and nodule characteristics were collected for all patients. Ultrasonography and final pathology reports were reviewed for patients with thyroid nodules between the sizes of 1-1.49 cm (n = 155). Results: 45% (n = 70) of patients with nodules between 1 and 1.49 cm were "low suspicion" nodules according to ultrasound. 47 of these nodules contained malignancies on final histopathological examination, 100% of which were of the papillary subtype. 21% (n = 10) of these malignant nodules demonstrated extrathyroidal extension and 34% (n = 16) were associated with regional metastases. Conclusions: Reliance on sonographic patterns alone could result in missed cancer diagnoses in patients with thyroid nodules measuring between 1 and 1.49 cm. Moreover, a portion of these malignancies may be associated with aggressive features. The effect of this finding on long-term outcomes is unclear.
Background
Thyroid nodules are a common presenting problem, detectable in up to 68% of the general population [1, 2] . Recent epidemiological studies show that the incidence of true thyroid cancer diagnoses is on the rise, nearly tripling in the last thirty years [3] . Thyroid sonography is an inexpensive and noninvasive test that is performed in patients with thyroid nodules. Certain ultrasound characteristics have been well-established as predictors of malignancy, including the presence of microcalcifications, nodule hypoechogenicity, irregular nodule borders, and a taller-than-wider shape [4] . These findings are then used to stratify the risk of malignancy and aid in decision-making regarding the necessity for more invasive investigations like ultrasound fine needle aspiration (USFNA).
The American Thyroid Association (ATA) published revised guidelines for the management of differentiated thyroid cancer in 2015 [4] . One of the key changes introduced in the revision proposes that diagnostic biopsy be based on ultrasound findings (i.e. size and nodule characteristics). The diversion from recommendations made in 2009 [5] come after review of evidence that sensitivity and specificity of sonographic characteristics predictive of malignancy improve when looking at a constellation of features, rather than individual ones [6, 7] . Thus, the 2015 ATA guidelines stratify thyroid nodules based on sonographic patterns into five levels of suspicion from "benign" to "high suspicion"; recommendations for or against USFNA are then given based on nodule size. The overall effect of these changes ultimately results in fewer nodules requiring biopsy [8] .
Given the imperfect sensitivities of sonographic characteristics for predicting malignancy, it is possible that the exclusive reliance on these characteristics will lead to missed diagnoses. This study was conducted to determine if the changes to the guidelines will result in overlooked thyroid cancers, specifically malignancies with aggressive characteristics measuring between 1 and 1.49 cm.
Methods
Ethics approval was obtained from the Research Ethics Board at a single academic institution. All patient information was anonymized and stored in a password-encrypted database.
Patient selection
Between August 2006 and June 2016, 2382 patients with thyroid nodules underwent thyroid surgery by a single surgeon at our institution. Patients who underwent total or subtotal/hemi-thyroidectomy for thyroid nodules were included. Patients without a pre-operative ultrasound report, patients undergoing completion thyroidectomies, and patients undergoing thyroid surgery for reasons other than thyroid nodules were excluded. A total of 2083 patients were included in our analyses.
Clinical data collected
Clinical data for all patients were collected from outpatient and inpatient charts, ultrasound and pathology reports. Data collected from all patients included age, sex, number of thyroid nodules, largest nodule size and tumor type based on final histopathology. For patients with the largest nodule between 1 and 1.49 cm, pre-operative ultrasound reports were also reviewed. This group selection was based on the 2015 ATA guidelines, which categorize thyroid nodules first based on ultrasonography findings, and then on size. For nodules of "low" suspicion (i.e. hyperechoic, partially cystic, regular margins without microcalcifications), the guidelines recommend performing USFNA on nodules ≥1.5 cm. Given this recommendation, nodules between 1 and 1.49 cm with low suspicion ultrasound patterns represent a group of potentially missed or delayed malignancy diagnoses. Final pathology, lymph node involvement, staging and tumor status were recorded for nodules in this group to determine the proportion of small nodules that would be missed if the decision to proceed to USFNA were based on sonography patterns of the 2015 ATA guidelines alone. Note that in our group of patients with thyroid nodules between 1 and 1.49 cm, the decision to operate was based on pre-op USFNA results which reflects the 2009 ATA guidelines.
Statistical analysis
Statistical analysis was performed using "MedCalc" version 17.4. Simple descriptive statistics including means and standard deviations for continuous variables and percentages for categorical data were used. Unpaired T-tests and chi-square tests were used to compare malignancies that were included in analysis and those that were excluded, as well as potentially missed/delayed diagnoses and detected malignancies.
Results
A total of 2083 patient charts were retrospectively reviewed for the purposes of this study. Females comprised 80.8% of our sample and the average age was 50 years old (SD 13.8). Demographic data are summarized in Table 1 . The majority of the patients were operated on for a single thyroid nodule, 1208 (58%), with the mean largest nodule size being 3.02 cm (SD 1.44).
One thousand eight hundred sixty (89.3%) of patients had a largest thyroid nodule identified on ultrasound of ≥1.5 cm in size (Table 2) . On pathological examination, 625 (30%) thyroid glands contained benign histology, 793 (38%) had evidence of micropapillary carcinoma, 991 (48%) of papillary cancer, 23 (2.8%) of follicular cancer, 23 of medullary (1.1%), 1 (0.04%) anaplastic thyroid cancer and 6 (0.3%) that were classified as "Other" ( Table 3 ). The cancers classified as "Other" included lymphoma, metastatic colorectal carcinoma, neuroendocrine carcinoma, sclerosing mucoepidermoid carcinoma and insular carcinoma. It is important to note, for these results, that some thyroid glands operated on had more than one type of cancer histology found in the pathological specimen, that micropapillary was considered separate from papillary cancer, and that the size of the nodule was based on ultrasound reports.
There were 179 patients with the largest nodule size between 1 and 1.49 cm. 24 patients were excluded from further analyses based on a lack of pre-operative ultrasound report and age. Of the remaining 155 patients, 70 (45%) had nodules without hypoechogenicity or microcalcifications, making them "low suspicion" nodules, and thus would not have met criteria for biopsy using the 2015 ATA guidelines (Fig. 1) . Fourty-seven "low suspicion" nodules contained malignancy on final histopathology. 10 (21%) nodules were staged as T3 based on extra thyroidal extension (Table 4) , 16 (34%) demonstrated lymph node involvement (3 with extranodal extension), 7 (15%) with lymphovascular invasion, and 1 (2%) displaying a tall cell variant histology (Table 5 ). Staging information is summarized in Table 6 . All 47 tumours were papillary or micropapillary carcinomas on final histopathological examination. Nodules classified as "micropapillary" carcinomas were only included if the size of the largest nodule on pathology was within 2 mm of the size of the largest nodule identified on ultrasound. A micropapillary carcinoma on final pathology with a > 2 mm difference was considered an incidental finding and was excluded. This cut off was chosen as there can be discrepancies of 2 mm between thyroid ultrasound and gross pathological size of carcinomas [9] .
Patient and tumor characteristics for nodules with suspicious ultrasound findings (and thus would have been "detected") and those without ("potentially missed" nodules) were not significantly different (Table 7) .
Discussion
This study demonstrates that the changes to the ATA 2015 guidelines regarding which thyroid nodules require USFNA will likely result in delayed or potentially missed cancer diagnoses in patients at our institution. Moreover, a number of these missed malignancies are associated with aggressive features.
Sonographic characteristics of thyroid nodules have been widely studied for their value in predicting malignancy. Reported sensitivities and specificities for individual characteristics vary widely between studies [10] [11] [12] , but a recent meta-analysis of over 18,000 thyroid nodules found that hypoechogenicity has a sensitivity of 73% and specificity of 56%, whereas the sensitivity and specificity for internal calcifications were 54% and 81% respectively [13] . When ultrasonography findings are combined into patterns, as presented in the 2015 ATA Guidelines, specificity and positive predictive values increase, while sensitivities are diminished. Taken together, the combination of hypoechogenicity, microcalcification, and margin irregularity has the most predictive power, but a sensitivity between 41 and 65% [13] . However, negative predictive values are reportedly high, between 97 and 98% for varying combinations of features [13] ; this is most likely due to the low rate of malignancy in this group, cited to be between 5 and 10% [4] . Given these findings then, it is unsurprising that the 2015 ATA guidelines makes only a weak recommendation on nodules with a low suspicion sonographic pattern, emphasizing the need for further data collection.
Small thyroid nodules between the sizes of 1-2 cm present an especially interesting diagnostic question, due to their increasing prevalence and varying clinical prognosis. It has been estimated that tumors smaller than 2 cm account for 87% of the increase in thyroid cancer incidence in the United States [14] . Although the ATA guidelines provide size cutoffs for indications to proceed with USFNA, nodule size has a somewhat unclear relationship to thyroid cancer risk. Whereas one research group found that nodules greater than 2 cm had a moderately increased risk of malignancy versus nodules less than 2 cm (15% vs. 10.9%) [15] , meta-analysis found that thyroid nodule size was not an accurate predictor of thyroid cancer [12] . Moreover, the cutoff of 1.5 cm for low suspicion nodules is not based on unanimous consensus. In fact, a comparison of six different guidelines for thyroid nodules describes that, the guidelines that did not apply this size cutoff (TIRADS and Kim criteria) had similar or higher performances than those that did [16] .
Justification for the higher size cutoff of low suspicion nodules relies on the finding that iso-or hyper-echoic nodules without calcification are more likely to be follicular thyroid cancers (FTC) or follicular variants of papillary thyroid cancer (PTC) [17] . It has been reported that distant metastases are rarely observed from FTC < 2 cm in diameter [18] , thereby explaining why observation may be warranted when the nodule is < 1.5 cm in size. In our patient population, however, 100% of detected malignancies with low suspicion ultrasound features contained papillary carcinoma, which has earlier progression to extra-thyroidal extension and lymph node metastases as compared with FTC [18] . This study has enumerated the number of delayed or potentially missed diagnoses of thyroid malignancies in patients presenting with small low suspicion nodules. The effect on long-term patient outcomes is less clear. Since the ATA guidelines do suggest repeated ultrasounds for low suspicion nodules, it is uncertain if delaying treatment for these nodules would have any impact on patient morbidity or mortality. Recent studies have aimed at demonstrating the indolent nature of papillary thyroid cancersespecially microcarcinomas, defined as tumors 1 cm or less in size. It has been reported that only 7-8% of patients with papillary thyroid microcarcinomas show tumor enlargement at 5 and 10-year follow-ups without intervention [19, 20] . Here, despite the lack of outcome measures, we have shown that the thyroid cancers that could have potentially been missed or have had a delay in diagnosis are not only of significant size (> 1 cm), but also associated with aggressive features, such as lymph node metastasis, extranodal extension, extra-thyroidal extension and tall-cell variant histology. These features have been reported by multiple studies to be independent prognostic factors associated with poorer patient outcomes and increased disease-specific mortality [21] [22] [23] . As such, future directions of research must answer the question:
what are the consequences of these delayed or potentially missed cancer diagnoses on patient survival?.
Furthermore, given the uncertainties surrounding the predictive values of sonographic findings and nodule size, clinical information obtained on history and physical exam should not be ignored when making decisions regarding clinical investigations. Accordingly, the 2015 ATA Guidelines suggest that since clinical risk factors have not been included in multivariate analyses of sonographic features and thyroid malignancy risk, USFNA can be considered at lower size cutoffs for all nodules in the presence of these risk factors [4] . Future directions of research should aim to identify patient factors that predict malignancy in otherwise unsuspicious nodules, allowing for the use of the complete clinical picture in decision making. Limitations of this study include its retrospective nature and selection bias, as only nodules that underwent surgical removal were included in our database. However, the use of this surgical database does not overestimate the absolute number of potentially missed malignancies and thus should not affect the validity of our findings. Also, the long-term outcome of these patients is unknown. In other words, if an aggressive malignancy goes undetected for a longer period of time, is the patient's outcome affected.
Conclusions
This study shows that although the pattern of sonographic features associated with a thyroid nodule confers a risk of malignancy, the exclusive reliance on these features could lead to delayed or missed cancer diagnoses. Furthermore, a proportion of these missed malignancies contain aggressive features associated with poorer patient prognosis. Although the exact effect on long-term patient survival is still unclear, our data provide novel insight into a diagnostic gray-zone and demonstrate the need for further evaluation of this patient population for optimal patient care and resource management. 
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